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WHAT IS CLAIMED IS: 

1. A method for fabricating a buried semiconductor laser device comprising 
the steps of: 

forming a mesa structure including a bottom cladding layer, an active layer and 
an upper cladding layer overlying a semiconductor substrate, the mesa structure having 
5 at least one side surface with the active layer having an exposed side thereat; and 
growing a first current-confinement layer on the mesa's at least one side 
surface, the first current-confinement layer comprising a semiconductor material and 
having a first conductivity type; 

growing a second current-confinement layer above at least a portion of the first 
10 current-confinement layer, the second current-confinement layer comprising a 

semiconductor material and having a second conductivity type which is opposite to the 
first conductivity type; and 

wherein the first current-confinement layer is grown at a temperature ranging 
fi-om 610 °C to 700 °C using a raw material gas containing a group V element gas and a 
1 5 group III element gas at a molar ratio of the group V element gas with respect to the 
group III element gas between 50 and 500, inclusive. 

2. The method as defined in claim 1 wherein the first current-confinement 
layer is grown at a temperature ranging fl-om 640 °C to 670 °C using a raw material gas 
containing a group V element gas and a group III element gas at a molar ratio of the 
group V element gas with respect to the group III element gas between 80 and 320. 

3. The method as defined in claim 1, wherein the second current-confinement 
layer is formed using a raw material gas having a molar ratio different from the molar 
ratio used in the formation of the first current-confinement layer. 

4. The method as defined in claim 3, wherein the first current-confinement 
layer and the second current-confinement layer are grown at substantially the same 
temperature. 
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5. The method as defined in claim 3, wherein the molar ratio used for the 
formation of the second current confinement layer is larger than that used for the 
formation of the first current confinement layer. 

6. The method as defined in claim 3, wherein the molar ratio used for the 
formation of the second current confinement layer is smaller than that used for the 
formation of the first current confinement layer. 

7. The method as defined in claim 6, wherein the molar ratio used for the 
formation of the second current confinement layer is in a range fi-om 30 to 80, inclusive. 

8. The method as defined in claim 7, wherein the molar ratio used for the 
formation of the first current confinement layer is in a range from 80 to 320, inclusive. 

9. The method as defined in claim 1, wherein the first current-confinement 
layer is formed at a first growth temperature, and wherein the second current- 
confinement layer is formed at a second growth temperature which is different from the 
first growth temperature. 

10. The method as defined in claim 9, wherein the first current-confinement 
layer and the second current-confinement layer are grown with molar ratios which are 
substantially the same. 

11. The method as defined in claim 9, wherein second growth temperature is 
lower than the first growth temperature. 

12. The method as defined in claim 9, wherein second growth temperature is 
higher than the first growth temperature. 

13. The method as defined in claim 1 wherein the substrate has an n-type 
conductivity, wherein the first conductivity type is p-type, and wherein the second 
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conductivity type isn-type. 

,4 The method as deflned i. claim 1 wherein ,he subs.a,e has ap-^e 

conductivity type isn-type. 

, 5 The method as def.ned i, cla,m 3 furdter oompnsing .he step of grown, a 

current-confinemenuaye f bver is formed with a raw 

„„duct,vU,.,pe,wherein.hirdcu.e„«„nf,nenrenUa^.^^^^^^^^^^^ 

materia, gas hav,ng a moiar ratio d.fferen, ftom the moiar rat,o 

the first current-confinement layer. 

Themethodasdefmedmctaim ,5,where,nthemoiarra«oused for.he 
.™.io„onhethirdcurren.co„fi„ement,averis.arger.a„that.sedrord,e 

formation of the first current confinement layer. 

„ The method as defned ,n claim 1 wherein the temperature a, which the 
«eu,.n;-conhncmen.Ia,erisgr„wnisrepresentedh,atemper^.^ 

,, ■ ,h. first current-confinement layer ,s grown at a molar ratio o 
.„upV::e::~no.he.onpn,e.ementgase,ua,to^^^^^^^^ 
S ::;antity(1.5.T-9«,when,hegrowth.emperature,shet„een«0Cand6S 

inclusive; and „,^wn at a molar ratio of the 

wherem the firs, current-confinement layer is grown mo.a 
^„npVelementgaswi,hrespectto.hegroupmelemen.gase^.. or^^^^^^ 
L;an.i.,(6.67T-4,349)when.hegro.h.emper.mre.sgrea.erthan68« 

10 less than or equal to 700 "C. 

, 8 T,e method as defined in claim .7 wherein .he first current-confinement 
, .iootthesroupV element gas with respeCo the group III 
,.ye, is grown a, a molar raho of *.e group ^ 
element gas equal to or greater than the ,ua„.i.y (2.0 T 1.22 
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A'^n T and 670 °C, inclusive; and 
temperature IS between 650 Cando™ at a molar ratio of the 

wherein *e firs, current-confinemen. layer ,s ^o«n mo 
,„„pVeleme„..asw,.hrespec.,o*e^o„pmelemenr.a.e,^ 0^^^^^^^^ 

L ,Uy (6.67-T - *.3«) When .he growth temperature ,s greater than 

less than 680 °C.. 

u A Hefmed in claim 17 wherein the first current-confinement 
1 q The method as deimed m cmiui 

, »,io of the group V element gas with respect to the group 111 
layer is grown a. a molar ratto of the ^up ,^„^,^„^ 

element gas equal to or greater than the ttuanttty (2.0 T 1,1 
tentperamre .s between 650 "C and 670 °C, inclustve. 

,0 The ntedtod as defined ^ Cairn 1 wherein the temperature a. wh.eh the 
f,rstcurrent-co„f.nement,a,erisgrow„.srepresentedby.empe^^^^ 
wherein the ftrstcurrent-cohfrnementlayerts grow, atam* 

,„„pVe,ementgaswithrespect.othegr„upinele™n.g.w^^=^^^^^^ 

, ,;tvfnO'T -7 820) when the growth temperature IS betw 
5 equal to the quantity (1 3 -U i ' ^ 
and 640 °C, inclusive. 

„ The method as defined in elatm 20 wheretnthe first ou„ent-oonf,nemen. 
,,..;:w:::molarratioofthegroupVelem..g.- 
eleme„.gaswl,ichislessth.nore,uaUo.he<,ua„t..y(8^0T 4, 

. , . A1 n °r and 640 "C, inclusive; and 
temperature IS between 610 C and 640 ' ^^^^^,,^,i,,atioofthe 

5 wherein the first cunent-confinement layer gro 

• u to the group III element gas which is less tnan or 

group V element gas with respect to the group 

, ,>,nnft-T -12 500) when the growth temperature is gre 
equal to the quantity (20.0 1 i^.^wv;^ 
640 °C and less than or equal to 650 °C. 

. . f .rl in claim 20 wherein the first current-confinement 
00 TVip method as defined in claim zvj whv 

22. The metho ^.^ ^^^^^^ ^ „, 

laye, is grown at a molar raUo otthe group 
e,ementgaswhiehislesstha„ore,ualtothe,uan.tty(2.T 

temperature is be,ween6.0"C and 640 "Cnclusive; and 
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Ul. reject to the group III element gas which is less than 

equal to the quantity (22.U i i ^ 
640 "C and less than or equal to 650 "C. 

,3 method as defined in elaim 20 wherein dae f,rs. eu„en.-eonf— 
, .™c,ftei!roupVelementgas«ithrespee..othegroupm 

layer is grown at a molar ratio of tire group ,3 „ „) „hen the 

element gas whiehts less than or equal to the cuanttty (19.0 T 2, 

. . ^f.An°C and 650 °C, inclusive; and 
^owth temperature ts hetween 640 C a^d ^ ^^^^ ^^^^ ^^^^ 

„here,nthe«curre„.-con— I t^^^^^^ 

equal to the quantity (U -U i ^ ^ 
650 T and less than or equal to 670 °C. 

,4 The nrethod as defined tn elatn, 23 wherein the firs. eutrentWrnement 
24. The metho ^.^^ U, 

„yer is g^wn at a nrolar ratto of the ^oup 

element gas equal to or greater Aran the quanfty (2.0 T 1, 

remperature is between 650 "C and 670 "Cinelusive. 

..Amethodforfahrreatingahuriedsemteonduetorlaserdevtcecomprrsmg 

"""lingamesast^cturetneludingahottonreladdinglayeranactivelayerand 
a top eladding layer overlymg an „-type semieonduetor suhstrate; an 

on a skirt portion extending from each side surface^ ^^^^^^^ 

,0 rral^^Velementgasatamolarratroofthe.^^^ 
rLpectt!.hegroupmeleme„,gashetween50and500.me,us,ve. 
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26. The method as defined in claim 25, wherein the molar ratio is between 80 
and 320, inclusive. 

27. The method as defined in claim 25, wherein the n-type current blocking 
layer is formed by using another raw material gas having a molar ratio different from 
the molar ratio used for the formation of the p-type current blocking layer. 

28. The method as defined in claim 27, wherein the molar ratio used for the 
formation of the n-type current blocking layer is larger than that used for the formation 
of the p-type current blocking layer. 

29. A method for fabricating a buried semiconductor laser device comprising 
the steps of: 

forming a mesa structure including a bottom cladding layer, an active layer and 
a top cladding layer overlying a p-type semiconductor substrate; and 

forming a current confinement structure by growing a p-type separation layer, 
an n-type current blocking layer and a p-type current blocking layer on each side surface 
of the mesa structure and on a skirt portion extending from each side surface, 

the p-type separation layer being fabricated at a growth temperature ranging 
from 610 "C to 700 °C and by using a raw material gas containing a group III element 
gas and a group V element gas at a molar ratio of the group V element gas with respect 
to the group III element gas between 50 and 500, inclusive. 

30. The method as defined in claim 29, wherein the first molar ratio is between 
50 and 500 inclusive, and the second molar ratio is between 30 and 80 inclusive. 

31. The method as defined in claim 30, wherein the first molar ratio is between 
80 and 320, inclusive. 

32. The method as defined in claim 29, wherein the p-type separation layer, the 
n-type current blocking layer and the p-type current blocking layer are formed by using 
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the raw material gases having different molar ratios among one another. 



33. The method as defined in claim 29, wherein a third molar ratio for forming 
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the p-type current blocking layer is larger than the first molar ratio. 

34. A buried semiconductor laser device formed on a semiconductor substrate 
having a top surface and a bottom surface, the laser device comprising: 

a mesa structure formed at the top surface of the substrate and having a bottom 
cladding layer at the top surface of the substrate, an active layer overlaying the bottom 
cladding layer, and a top cladding layer overlying the active layer, the mesa structure 
having at least one side surface with the active layer having an exposed side thereat; 

a first current-confinement layer overlaying at least a portion of the mesa's at 
least one side surface and having a first portion disposed against the exposed side of the 
active layer, the first current-confinement layer comprising a semiconductor material 
and having a first conductivity type; 

a second current-confinement layer overlaying at least a portion of the first 
current-confinement layer, the second current-confinement layer comprising a 
semiconductor material and having a second conductivity type which is opposite to the 
first conductivity type; and 

wherein the closest distance (Tn or Tp) between the second current- 
confinement layer and the active layer has a value in the range from 0.15 /xm to 0.6 /xm. 

35. The laser device as defined in claim 34 wherein the substrate has an n-type 
conductivity, wherein the first conductivity type is p-type, and wherein the second 
conductivity type is n-type. 

36. The laser device as defined in claim 35 wherein the first current 
confinement layer is a first current-blocking layer, and wherein the second current 
confinement layer is a second current-blocking layer. 

37. The laser device as defined in claim 34 wherein the substrate has a p-type 
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conductivity, wherein the first conductivity type is p-type, and wherein the second 
conductivity type is n-type. 

38. The laser device as defined in claim 37 wherein the first current 
confinement layer is a separation layer, and wherein the second current confinement 
layer is a first current-blocking layer. 

39. The laser device as defined in claim 34 wherein the closest distance (Tn or 
Tp) has a value in the range firom 0.2 /xm to 0.4 /im, inclusive. 

40. The laser device as defined in claim 34 wherein the closest distance (Tn or 
Tp) has a value in the range fi-om 0.25 /im to 0.35 pirn, inclusive. 
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